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1.0 SCCPE

The purpose of the Unique Instrument Interface Docunent
(UID is to define the special interface requirenents that
are unique to the instrument. Interface el ements not
addressed in this UID are assuned to be conpatible with the
interface requirements of the ECS CGeneral Interface

Requi renents Docunent (G RD).

The information contained herein establishes the constraints
that nust be adhered to by both the instrument devel oper and
spacecraft developer. The UID data aids the proper

pl anning and snooth flow of project devel oprent.

The interface docunmentation, referenced in Section 2 of this
docurment, establishes the electrical, mechanical, thernal,
and ground support equipnent interfaces between the
Tropospheric Em ssion Spectronmeter (TES) and the ECS Aura
Spacecraft. Section 3 of this docunent allocates resources
for critical elenents, such as weight, power, fields of
view, pointing, thernal dissipation, and command and data
handling. Constraints on the handling and operation of the
instrument in shipment and integration and test are
described in Section 4. Approved deviations/waivers to
applicable docunents are listed in Section 5.

The UID for the ECS TES, in conjunction with the ECS G RD,
establ i shes the Instrument/EOS Spacecraft interface. The
reference docunent, Interface Control Docunment (I CD)
establishes details of the nechanical, thernal, electrical
and command and data handling interfaces between the TES
Instrunent and the EOCS Aura spacecraft. The IDD will be
used for the Phase C D spacecraft procurenment and will be
superseded by the Interface Control Docunent (1CD)
negotiated between the spacecraft contractor and the TES
i nstrunment devel oper after Phase C/' D contract award. The
order of precedence for these docunents are UID, G RD,
IDD/ICD.

Any changes to the UID GRD or IDD nust be approved by the
ECS Aura Project Configuration Control Board.

Revi sion A | -1 August
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2.0 APPL| CABLE DOCUMENTS

The requirenments stated in the nmost current released version of the
docurments listed in this section of the UID apply to the TES

I nstrument. Section 5.0 of this UID contains deviations and

wai vers to the applicable documents that have been approved for the
TES instrunent.

DOCUMENT  NO. TI TLE

422-11-12-01 Ceneral Interface
Requi renents Docunent
(GRD) for EOCS Cdmon
Spacecraft/Instrunents

424-11-13-02 M ssion Assurance
Requi renents for the
Tropospheric Em ssion
Spectroneter (TES) and
the Mcrowave Linb
Sounder (M.S) for the
ECS Chem stry M ssion

2.1 REFERENCE DOCUMENTS

REFERENCE NO TI TLE

D26476 * Interface Control
Docunent for the
Tropospheric Em ssion
Spectroneter, EGCS
Common Spacecr af t
Proj ect

Revi sion A 2-1 August 2001
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3.0 ALLOCATI ONS

This section defines the ECS Aura Project resources that are
specifically allocated to the ECS TES.

3.1 MECHANICAL ALLOCATI ONS

3.1.1 Instrunent Mechani cal Envel ope Al location

Figure 3-1 illustrates the TES instrument overall nechanica

envel ope allocation for launch conditions. Figure 3-2
illustrates the TES instrunent mechani cal envelope allocation for
on-orbit conditions.

Di nensi ons, which include external instrument MLI and instrument
provided connectors, shall not exceed the nechanical envelope
al l ocation.

3.1.2 Field of View All ocation

Figure 3-3 illustrates the TES instrument Nadir Science Field-of-
View allocation, inclusive of all calibration and stay-out-zones
Figure 3-4 illustrates the TES instrument Linb Science Field-of-
View allocation, inclusive of all calibration and stay-out zones

3.1.3 Mass Allocation

Total Instrument 385 kg
Note: Total instrument allocation includes contingency.

3.1.4 Pointing Allocation

Unl ess otherw se specified, accuracy and know edge pointing

al l ocation values represent the summation of individually root-
sumsquared bias, drift, and jitter ternms and are expressed in
arcsec neasured zero to peak (30). Additionally, unless
otherwi se specified, stability pointing allocations are
expressed in arcsec neasured peak to peak (3c) over defined
time intervals.

Revision A 3-1 August 2001
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3.1.4.1 Mssion Requirenents

M ssion pointing requirenents are based on instrument science

requi renents and represent total mssion pointing requirenments CH-
fromthe instrunent line of sight to the Earth Centered 05
Inertial (ECI) reference frame. The ECI reference frane is a

ri ght-handed orthogonal Cartesian frame with its origin at the
center of the Earth. The X axis is parallel to the line of

vernal equinox, wth +X pointing toward the sun on the first

day of spring. The Z axis is through the Earth's poles,

oriented in the South to North direction. The Y axis conpletes

the right-handed orthogonal Cartesian frane.

M ssion Requirenents Rol | Pitch Yaw Not e
(X) (Y) ()
Poi nting Accuracy (arcsec 3o) 1560 156 1560 1 05
Poi nti ng Know edge (arcsec 3o) 124 124 124 2
Pointing Stability (arcsec 3o)
(Time Interval)
50 sec 156 156 156 3 oo
16 sec N/A 15 N A 3

Note 1 - The TES Pointing Control System conpensates for the
majority of the spacecraft contribution to Mssion
Pointing Accuracy. The renmining unconpensated portion
of the spacecraft contribution, 1.e. spacecraft pointing
know edge, when root-sumsquared with the instrument
contribution results in unallocated nmargin at the
mssion level. The unallocated Mssion Pointin
Accuracy margin is (156072 -128~2-80~2)~1/2 = 39 arcsec
in pitch and (156072 -1037~2-80~1/2 = 1163 arcsec in
rol I /yaw.

Note 2 - Pointing know edge allocations represent the worst case
requirement (during linb pointing). Pointing know edge
during nadir pointing shall be 390 arcsec (alg axes)

Revi sion A 3-2 August 2001
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Note 3 - The TES Pointing Control System conpensates for the
spacecraft contribution to Mssion Pointing Stability
resulting in unallocated margin at the mssion |evel. CH-
The unalTocated Mssion Pointing Stability margin in the '
50 second time domain is (15672 -11972)~1/2 = 101 arcsec
for all axis. The unallocated Mssion Pointing Stability
margin in the 16 second tine domain is (152 -1422)71/2
= 5 arcsec in pitch

The follow ng sections allocate portions of the mssion
requirenents to the spacecraft and the instrunent. These

al l ocations represent the maxinum allowabl e instrument and
spacecraft contributions to mssion pointing accuracy, know edge,
and stability error. Unless otherw se specified, spacecraft and
instrument allocations when root-sumsquared equal the nission
requirenent.

3.1.4.2 Spacecraft Allocation

Spacecraft pointing allocations are the spacecraft portion of
the mssion pointing requirenents and represent pointing
requi renments placed on the spacecraft. Spacecraft pointing CH-
know edge shall be neasured from the Instrunment Alignnent Cube 05
(IAC) to the ECI reference frame. Spacecraft pointing accuracy
and stability shall be neasured from the Spacecraft/I|nstrunent
Mounting Interface (TES Mechanical Datun) to the ECI reference
frame.

For the purpose of enhancing accountability and verification of
conpliance with individual requirenents, in the category of
pointing stability, the pointing stability allocations are
separately specified as Cbservatory Level allocations and
Spacecraft Bus Level allocations.

The Cbservatory Level pointing stability allocations (see next

page) represent the maximum errors that can be tolerated by the

TES instrunent at the spacecraft/instrument interface in order CH-
to prevent unacceptable deterioration of gathered science data. 03
Such errors depend on the conbination of all environmenta

di sturbances, including those produced by TES, the other

payl oad instruments, and the spacecraft .

The Spacecraft Bus Level pointing stability allocations
represent the maximum contribution by the spacecraft bus to the
pointing stability errors at the same interface, in the absence
of disturbances generated by all of the instrunents. Thus the
Spacecraft Bus Level allocations represent performance
requirenent limts placed on the spacecraft bus,

Revi sion A 3-3 August 2001
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Spacecraft Allocation Rol | Pitch Yaw Not e
(X) (Y) (Z)
Poi nting Accuracy (arcsec 3o) 500 500 500 4 G
Poi nting Know edge (arcsec 3o) 80 80 80 -

(bservatory Level

Pointing Stability (arcsec 3o)
(Time Interval)

50 sec 100 100 100 | 4,5 05

16 sec N/A 20 N/A | 4,5

Spacecraft Bus Level

Pointing Stability (arcsec 3o)
(Time Interval)

CH-
50 sec N/A N/A N/A 6 ‘05
16 sec N/A (TBR) N/A 6
Note 4 - Pointing accuracy and Cbservatory Level pointing gg'
stability are unconpensated Observatory Level val ues.
They represent the maximum errors, at the
spacecraft/instrunent interface, for which the
instrument is able to conpensate by its own pointing
control subsystem and still neet the mssion
requirenents in the presence of the corresponding
Instrunent Allocation errors.
CH-
Note 5 - The ability of the spacecraft to neet Cbservatory 05

Level pointing stability requirements is dependent
upon specific torque/tine history data related to
di sturbances generated by all instrunents and the
spacecraft bus. Therefore, the sFacecraft provi der,
through jitter and pointing stability capability

Revision A 3-4 August 2001



GSFC 424-28-26-02

analysis, shall be responsible for determning the
ability of the observatory to neet CObservatory Leve
pointing stability allocations and/or the
identification of disturbance sources which preclude
meeting those allocations. Conflicts that arise
between stated requirements and cal cul ated responses
wi Il be addressed on a case by case basis. | nst runent
di sturbances which exceed G RD torque disturbance
limts may be allowed (see section 5.1.7) provided
that all instrument pointing stability requirenents
are nmet. Approved instrunent disturbances which
exceed G RD torque disturbance limts and/or conflict
resolutions will be documented in the TES to
spacecraft |CD.

Note 6 - Spacecraft and environnental disturbances which result
in non-conpliance with Spacecraft Bus Level pointing
stability allocations may be allowed (see section
5.1.7). These disturbances will be evaluated on a
case by case basis through jitter and pointing
stability capability analysis to determ ne whether
they result in non-conpliance with Cbservatory Leve
pointing stability requirements. Approved spacecraft
di sturbances which are acceptable, even though they
result in non-conpliance with Spacecraft Bus Leve
pointing stability allocations, will be documented in
the TES to spacecraft |CD.

3.1.4.3 Instrument Allocation

[ nstrument pointing allocations are the instrument portion of
the mssion pointing requirements and represent pointing

requirements placed on the instrument. |nstrunent pointing
know edge shall be measured from the instrunent |ine of sight
to the IAC. |Instrunent pointing accuracy and stability shal

be neasured from the instrument line of sight to the
Spacecraft/Instrument Munting Interface (TES Mechanica
Dat um .

Revi sion A 3-5 August 2001
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| nstrument Allocation Rol | Pitch Yaw Not e
(X) (Y) (2)
Poi nting Accuracy (arcsec 3c) 1037 128 1037 - 08
Poi nti ng Know edge (arcsec 3o) 95 95 95 -

Pointing Stability (arcsec 30)
(Time Interval)

50 sec 119 119 119 - CH-
05
16 sec N A 14 N/A _

3.1.4.4 Co-Al'i gnnent Al |l ocation

The TES instrument inposes no instrunment co-alignment
requi renents on the spacecraft.

3.1.4.5 Calibration Maneuvers

The TES instrument inposes no calibration maneuver requirements
on the spacecraft.

3.1.5 Instrunent Mounting

The nounting plane (nounting points) of the TES instrument shal
be parallel to the XY plane relative to the spacecraft body

frame. The spacecraft body frane is centered at the center of
mass of the observatory with the +Z axis nomnally normal to the
nadir-facing instrument nounting surface, +X forward in the
general direction of flight in normal operation, and Y normal to
X and Z.  Through the definition of a Master Reference Cube, this
is the frane to which instrument bases are mechanically aligned.

The spacecraft nmounting configuration shall acconmodate four

ki nemati ¢ nounts and orient the TES instrunent aperture view in
the +Z direction (nadir).

Revision A 3-6 August 2001
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3.2 THERVAL CONTROL ALLCCATI ON
3.2.1 Thermal Control Methods/ D ssipations

The thermal control nethods/dissipations allocations are given
bel ow.

LOCAL Ca.D
RADI ATOR PLATE
(WATTS) (WATTS)
Nadi r Radi ators 284 N/A
180K and 230K Radi ators 50 N/A
TES Tot al 334 N/A

Note: The dissipation data given represents only heat generated
by the instrument when it is drawing its full power
allocation; it does not include absorbed spacecraft and
environmental radiation.

3.2.2 Thermal Field of View Allocation

The TES instrunent thernmal Field-of-View allocation is
illustrated in Figure 3-5.

The spacecraft shall accommodate TES such that heat transfer to
the TES passive cool er radi ator does not exceed 3.0 W/m? during
normal instrument operation. This additional heat is conposed of
infrared back loads from all surfaces external to the passive
cooler radiator, and all environmental |oads arriving at the

radi ator through all paths, other than directly fromthe TES
instrunment, itself.

Thermal field-of-view allocations and heat transfer restrictions
are to be considered as an instrument accommodation goal for the
spacecraft. Intrusions into thermal field-of-view or higher heat
transfer limts may be allowed to properly integrate the entire
instrument conplement on the spacecraft and will be evaluated on
a case by case basis through thernal analyses. Approved
excursions will be docunented in the TES to spacecraft 1cD.

Revi sion A 3-7 August 2001
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3.3 ELECTRI CAL ALLOCATI ONS

3.3.1 Power Allocations

Launch Mbde 0 VWatts
Survival Mode 100 Watts
Qperational Mde (2 Obit Average) 334 Watts
Qperational Mde (Peak) 390 Watts

Note: Peak power is the maxi num power averaged over any 10
msec peri od.

3.4 coMmMAND AND DATA HANDLI NG ALLOCATI ON

3.4.1 Science Data Rate Allocation

Average Data Peak Data
Rat e Rat e
Tot al 4.9 Mops 6.2 Mps

3.4.2 Renote Termnal Allocations

The nunber of functionally distinct ML-STD 1553 Renote
Terminal s (addresses) allocated shall be limted to one (1) for
the ECS TES Instrument.

3.4.3 Spacecraft Ancillary Data Allocation

3.4.3.1 Spacecraft Data to Instrument (on-orbit)

On-orbit spacecraft ancillary data will be provided to the TES
instrunment on the spacecraft ML-STD 1553 data bus. The TES
on-orbit spacecraft ancillary data requirements for this
interface are listed in Table 3-1. Additionally, the
spacecraft shall provide an electrical interface with the
instrument for the transfer of high rate gyro data. The

requi renents for the spacecraft to instrument high rate gyro
interface are listed in Table 3-2.

Revi sion A 3-8 August 2001
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3.4.3.2 Spacecraft Data to G ound (post-processed)

The TES instrunent inposes no unique requirements on the
spacecraft for telemetered spacecraft ancillary data. However,
the spacecraft shall provide, before flight, a gyro to spacecraft
body axis coordinate transformation matrix (which transforns gyro
outputs to spacecraft body frame coordinates).

Revision A 3-9 August 2001
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TES Thermal Field-of-View Allocation

Figure 3-5.
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Spacecr af t

Table 3-1
Ancillary Data (on-orbit)

GSFC 424- 28- 26-02

Spacecr af t o Knowl edge: Time Tag
Par amet er Description Resol ut | on Accuracy; | Frequency:
Lat ency
B
Posi tion ECI XYZ 502 TE;%:S; 50 nMsec; 1 H
<0.5 sec
Vel oci t E rates 1 . 7]
y CI XYZ 0 1n1memt/esre/csec, 50 mBeC: 1 W
<0.5 sec
ECl to
At t | t Ude Spacecraft bOdy 25 ar Csec; 50 ITBeC;
(Note 1) frame <0.2 arcsec <0.5 sec 1 He
quat er ni on
Attitude Rate Eulfgtgggle 8'&1a£§§ec/?ec’ 50 msec; 1 H
(roll/pitchl/yaw) ' sec/sec <0.5 sec
Ti me Time signal for 10 nsec; ) i
onboard dat a <15.2 m crosecond 1 msec; 1H
4.5 sec
Ti me of next 4.1 sec; <0.01 ]
Node Crossing | descending node sec (or 50 msec; Once per
Cr 0Ssi ng appr oxi nat el y 550 <0.5 sec orbit
meters know edge)
CIRU ]
IRU Status and configuration .
Gyro Status bits, gyro N/A 50 nsec; 1 H
status bits <0.5 sec

Note 1 - Spacecraft

attitude shal

be the output of the

attitude estimator with respect to the ECI reference
(Epheneris errors are not included)

frane.

Revi sion A
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Table 3-2
Spacecraft to Instrunent H gh Rate Gyro Interface
Spacecr af t P Know edge; =
J~ r n
Par anet er Description Resol Ut on Lat ency equency
Unconpensat ed,
non-ti me-tagged
high-rate gyro
data in gyro
H gh Rate Gyro coordi nates (Per gyro (Per gyro 100 Hz
Data (Note 2) (provided via capability) capability)
non- G RD RS422
interface with
spacecraft
gyro)

Note 2 - Pre-Butterworth filter output (after the sync filter)

Revision A

3-16
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4.0 CONSTRAI NTS

The information contained in this section defines any constraints
in the operation or handling of the instrunent that nust be
observed in order to prevent possible damage or degradation

4.1 | NSTRUMENT CPERATI ON

The TES instrument shall only be operated by the spacecraft .
contractor with the approval and presence of the TES Integration and
Test Manager, or a designated representative.

4.2 TEMPERATURE AND HUM DI TY

TES shall not be exposed to a tenperature range beyond +5 to +40
degrees C during transportation. During anbient operations the
instrument shall not be exposed to a tenperature range beyond +10 to
+30 degrees C

TES will not be exposed to humdity greater than 60% for a total
tinme | onger than 30 m nutes.

4.3 PURCE

A protective purge shall be provided during ambient operation,
storage and transportation of the instrument as defined in the |CD

4.4 TRANSPORTATI ON

Lat chabl e mechani sms shall be latched for all transportation
activities. Standard grounding techniques to ensure ESD protection
during transportation shall be enployed.

4.5 CRYOCOOLER OPERATI ONS

It is highly desirable that the cryocool ers not be operated outside
of a hard vacuum The cryocool ers may, however, be operated for
limted tines in a carefully controlled purged environnment, The
duration of these purged-operations periods shall be specified in
the 1CD. Sufficient time nust be allowed for the evaporation of any
condensates in between cryocool er operations. (TBR)

Revi sion A 4-| August 2001
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4.6 MECHAN SNS

The earth shade nechanismw || operate at 1g in any orientation, but
may require counterbal ancing when the instrument +Z axis is parallel
to the local gravity vector,

The translator nechani sm has operational constraints which shall be
docunented in the ICD (TBR)

4.7 ORI ENTATI ON

Radi at or heat pipes have operational constraints subject to
orientation which shall be docunented in the ICD

4.8 LASER OPERATI ONS

To conserve laser lifetine, |aser operation shall be limted to
pl annedtesting or the validation of |aser health.

4.9 Telemetry Mnitoring (TMON) Requirenents

In addition to TMONs required for on-orbit operations, TES requires
TMONs to be used on orbit and during observatory integration and
test (1&T) to provide protection in the event that the cryocool ers
are powered w thout control from the TES conmand and data handli ng
(C&DH) system The TMON shall activate and shut down the cryocool er
after four 4-second cycles have passed wi thout 1553 TES tel enetry
(4*4).

(Ref. CCR 424—12:—26—034)

Revision A 4-2 August 2001
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5.0 DEVI ATl ONS/ WAI VERS

The information contained in this section identifies all
the deviations/waivers agreed upon by the EOCS TES Proj ect
Manager and the GSFC ECS Aura Project Mnager

5.1 G RD DEVI ATI ONS/ WAl VERS

5.1.1 Revised Instrument Input Voltage Requirenents

For TES, a deviation to the GRD (Revision A Change 3) has
been approved which nodifies instrunent input voltage
requirenents.

In lieu of the Primary Instrunent Voltage requirenment for
spacecraft provided sw tched instrunment power at +28 +7/-4 Vdc
(G RD paragraph 5.2.5.1.1), the spacecraft shall supply
switched instrument power at the instrument's externa

el ectrical interface connector(s) at +29 +2 Vdc.

Additionally, during instrument power transient conditions, as
specified in G RD paragraph 5.2.5.2.3, the spacecraft supply
vol tage shall not deviate by nore than +2.9 volts about the
suppl i ed vol t age.

In lieu of the Abnornmal Operation Steady-State Voltage Limts
requirenent for instrunent survival follow ng steady-state
voltages in the range of O 50 Vdc (G RD paragraph 5.2.5.1.4),
under failure node conditions the instrument shall survive,

wi t hout pernmanent degradation, spacecraft steady state supply
voltages in the range of 0 to 36 Vdc. In addition the
instrument shall survive, W thout permanent degradation, a
maxi mum spacecraft supply voltage of 42 Vdc for durations |ess
than 10 ns.

(Ref. CCR 424-12-26-005)

5.1.2 Center of Mass Measurenent Accuracy

The following deviation to GRD (Revision A Change 3)
paragraph 3.3.3.2 has been approved on the condition that the
Integrated TES instrument shall be measured for disturbances
using a Kistler table or equivalent nethod of disturbance
measur enment .

In lieu of measuring and reporting the launch and on-orbit
center of mass of the TES Instrument to +5mm, the | aunch
center of mass of the TES instrunent shall be measured and
reported to +8mm in the X and Y axes and calcul ated to +15mm
in the z axis. The on-orbit center of mass shall be calcul ated

Revision A 5-1 August 2001
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based upon the neasured X and Y, and cal cul ated Z, |aunch
center of mass.

(Ref. CCR 424-12-26-002)

5.1.3 Mass Measurenent Accuracy

A deviation to the G RD (Revision A Change 3), paragraph
3.3.2 requirenent for mass measurenment accuracy has been
approved.

In lieu of neasuring the mass of the TES instrument to + 0.1
kg, it shall be neasured to + 0.1% -

(Ref. CCR 424-12-26-003)

5.1.4 Spacecraft Gyro Signal Access

A deviation to GRD (Revision A Change 3) paragraph 5.1.1,
Electrical Interfaces, has been approved to add a H gh Rate
Spacecraft Gyro data |ine between the spacecraft and the TES
I nstrument. This line will use an RS-422 interface and w |
provi de unconpensated non-tine tagged high rate gyro data in
gyro coordinates. The data, delineated in Table 3-2, is
sanpled at a Pre-Butterworth filter output.

(Ref. OCR 424-12- 26-004)

5.1.5 Spacecraft Ancillary Data

A deviation to G RD (Revision A Change 3) Paragraph 6.5.1 has
been approved which nodifies the usage of spacecraft to
instrunent transfers over the ML-STD 1553 bus.

In addition to conmands, nenory |oads, and tinme data, the
spacecraft shall supply spacecraft ancillary data to the
instrunent as delineated in TES UID Table 3-1. The added
spacecraft ancillary data contains data required for TES
motion conpensated pointing.

5.1.6 TES Cool er Software Progranm ng Language

A deviation to GRD (Revision A Change 3) paragraph 8.2 has
been approved, which allows TES to deviate fromthe
i mpl ementation of software for the TES Cryocool ers.

In lieu of the requirenment for the inplenmentation of software
using ADA, FORTRAN, or C programm ng |anguages in the TES

Revi sion A 5-2 August 2001
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instrunent, the use of the FORTH |anguage in inplementing the
TES Cryocool er subsystem will be allowed.

(Ref. CCR 424-12-26-009)

5.1.7 Instrument D sturbance Torque

A deviation to GRD (Revision A Change 3) section 3.10 has
been approved for all instrunents that potentially allows non-
conpliance with the constant, periodic, or l|inear force
(assumes nonent arm) disturbance torque linmts governed by the
G RD under the follow ng conditions.

Known and estinated instrunent and Conmon spacecraft

di sturbances will be used as inputs to an appropriate nodel of
the spacecraft dynamcs to analytically determne the expected
on-orbit pointing stability and jitter perfornmance at each
instrunent interface. Calculated responses produced by the
Aura Cbservatory pointing stability and jitter nmodel wll be
used to assess whet her instrunment inposed pointing stability
and jitter requirements on the observatory are being mnet.

The Aura Cbservatory pointing stability and jitter nmodel will
be updated throughout the program to reflect substantial
changes to spacecraft/instrument nodels or disturbances.
Approved disturbance profiles, which reflect the need for
instrument disturbances to fall below the nmaxi mum | evels
specified in the GRD in some frequency bands in order to
accommodat e exceedances in others, wll be docunented in the
| CD between the Common spacecraft and each instrunent.

If the calculated responses fromthe jitter and stability
capability analysis indicate that any instrunent pointing
stability requirement is not being met with sufficient
margin, the source(s) responsible for pointing stability
degradation nmay be required to take neasures to reduce or
modify the profile(s) of their generated disturbances.
Pointing stability non-conpliance will be evaluated on a
case by case basis by the Aura Project to determne the nost
effective solution toward conpliance.

5.1.8 TES Reflected Ripple Current, perational Transients,
and Conducted Em ssions

A devi ation has been approved which allows TES to deviate from
G RD (Revision B) Paragraph 5.3.5.2.4-Instrument Reflected
Ripple Current, Paragraph 5.2.5.2.3-Instrument Operati onal
[ragsients, and Paragraph 10.11.1-Conducted Em ssion, Power
eads.

Revi sion A 5-3 August 2001
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In lieu of G RD Paragraph 5.3.5.2.4-Instrument Refl ected
Ripple Current: “The peak-to-peak |oad current ripple
generated by the instrument shall not exceed 5% of the average
current on the quiet bus and shall not exceed 25% of the
average current on the noisy bus.” Instead, the follow ng
will be allowed: “The peak-to-peak |oad current ripple
generated by the instrument shall not exceed 5 percent of the
average current on the quiet bus and shall not exceed 200% of
the average current on the noisy bus."

In lieu of Paragraph 5.2.5.2.3-Instrument Qperati onal
Transients: "Qperational transients on the quiet bus that
occur after initial turn-on shall not exceed 125% of the peak
operational current drawn during normal operation. The

mexi mum duration of the transients shall not exceed 50 nsec.
Qperational transients on the noisy bus that occur after
initial turn-on shall not exceed 10.0 Anps. The maxi num
duration of the transients shall not exceed 10 msec.”

In lieu of 10.11.1-Conducted Eni ssion, Power Leads:
“Narrowband conducted em ssions of a conponent/instrument on
power and power return leads shall be limted to the |evels
specified in Figure 10-8 when nmeasured in accordance w th CEOL
(30Hz to 20KHz) and CEQ3 (20KHz to 50 MHz) test methods of

M L- STD-462. The measurenent bandw dth shall be as specified
in Figure 10-8”. Instead the following will be allowed:

“Narrowband conducted em ssions of a conponent/instrunment on
noi sy power and power returns leads shall be limted to the

l evel s specified in Figure 10-8-A when neasured in accordance
with CEOL (30Hz to 20KHz) and CEQ3 (20KHz tO 50MHz) test

nmet hods shall be as specified in Figure 5-1".

Revision A 5-4 August 2001
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Figure 5-1 Narrowband Conducted Em ssions

(Ref. CCR 424-12-26-006-R1)

5.1.9 Checksum

A devi ation has been granted which allows TES to deviate from
G RD (Revision A, Change 3) Paragraph 6.5.8.2-Engineering Data
Packeti zation, specifically, Note 10 of Figure 6-4, Use of
Reed Sol onon error correcting code makes use of this checksum
optional .

Therefore, in lieu of G RD Paragraph 6.5.8.2-Engineering Dat a
Packetization, Note 10 of Figure 6-4, stating that an
arithnetic checksum of the data being placed in the last two
octets of the instrument data field as a data error indicator,
the TES instrunent will not make use of the last two octets of
the instrument data field.

(Ref. OCR 424-12- 26-001)

5.1.10 Instrument Di screte Comands

Revi sion A 5-5 August 2001
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For TES, a deviation to G RD (Revision B) Paragraphs 5.1.1 and
5.2.6.1 has been approved, which allows the addition of a

D screte Conmand | nterface between the TES Instrunent and the
Spacecraft. These discrete commands allow the TES Instrunent
to switch between the Spacecraft provided Noisy Bus-A and
Noi sy Bus-B and/or Quiet Bus-A and Quiet Bus-B.

(Ref. CCR 424-12-26-013)

5.1.11 Renote Term nal Address Assi gnnent

For TES, a deviation to the GRD (Revision B), paragraph
6.5.5.4, Instrunent Renote Term nal (RT) Address Assignment,
has been approved. The deviation renoves the requirement for
the RT address to be externally selectable, The RT address
assignment shall be docunmented in the TES to Spacecraft |1CD

(Ref. CCR 424-12-26-017)

5.1.12 Connector Keying

For TES, a deviation to the G RD (Revision B), paragraph
5.4.5.3, Keying, has been approved. G RD paragraph 5.4.5.3
states "Connectors shall be different sizes, different types,
or uniquely keyed to prevent inproper connection.”™ The
deviation allows the follow ng exceptions to G RD paragraph
5.4.5.3:

1) Connectors associated with the TES Command and
Telemetry Interface Bus A and B nay be physically
identical to each other (except for unique reference
desi gnator |abels) but different than all other
connectors on the TES Spacecraft Interface Plate and
Power relay Box.

2) Connectors associated with the TES H gh Rate Data |ink
A and B may be physically identical to each other (except
for unique reference designator |abels) but different
than all other connectors on the TES Spacecraft Interface
Pl ate and Power relay Box.

(Ref. CCR 424-12-26-016)

5.1.13 TES Random Vi bration Levels
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For TES, a deviation to the G RD (Revision B, paragraph 10.1)
has been approved which nodifies the required random vibration
| evel s on the Protoflight instrument.

In lieu of using the Random Vibration levels for the

Protoflight Instrunent, specified in Table 10.1 paragraph 10.1
of the GRD, use the followng Table for all axes.

Revi sion A 5-7 August 2001
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Table 5-1 Protoflight Random Vi bration Test Spectra
for the TES Instrunent
TES ALL AXES
FREQ ASD SLOPE OVERALL
(Hz) (G?/Hz) | (db/oct) (grms)
20 .01 0.0 4. 45
2000 01
TES ALL AXES
0.100 ,
I
ks
<4 o
0.010 *
| |
0.001 | L
10 100 Frequency 1000 10000
He
(Ref. CCR 424-12-26-020)
5.1.14 TES El ectronic Interface’ Redundancy (RT-Renote

Term nal )

A devi ation has been approved which allows TES to deviate from

G RD (Revision B) Paragraph 6.5.5.1 - Electrica
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Each electrical interface between the instrunment and the C&T

bus shall be redundant. Each functionally distinct instrunent

RT shall be redundant. Each RT shall be individually
transforner coupled to both the primary and redundant C&T
buses.

No single failure in the C&T bus electrical interface circuit
on either the instrument side of the interface or the
spacecraft bus side of the interface shall cause the
instrument to lose the capability to comunicate with the
spacecraft over at |east one of the C&T buses via each
functional ly distinct RT.

(Ref. CCR 424-12-26-007-R1)

5.1.15 Sine Vibration

For TES, a deviation to the G RD (Revision B, paragraph 10.2)
has been approved which nodifies the required Sinusoida
Protoflight/Qualification Test Levels for the protoflight

I nstrument.

In lieu of the Sinusoidal Protoflight/Qualification Test
Level s specified in Table 10-3 and Figure 10-1 in each of
three orthogonal axes, the TES Instrument shall be subjected
to the test levels documented in the following Table 5-2 and
Figures 5-1 thru 5-3.

Revi sion A 5-9 August
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Tabl e 5-2 TES Si nusoi dal Protoflight/Qualification
Test Levels

AXI S FREQUENCY (HZ) LEVEL (G SWEEP RATE
B X 5 -5.6 .5" D A 4 oct/min
5.6 - 25 + 0.8 4 oct/min
25 - 35 + 0.8 1.5 oct/min
35 - 40 + 0.8 4 oct/m}n
40 - 50 4 oct/min
+ 1.0
B v 5 -6.3 . DA 4 oct/min
6.3 - 15 + 1.0 4 oct/min
15 - 25 + 0.5 4 oct/min
25 - 35 + 10 1.5 oct/min
35 - 40 - 4 oct/min
40 - 50 + 1.0 4 oct/min
+ 0.5
. 5 -6.3 .5 DA 4 oct/min
6.3 - 15 + 1.0 4 oct/min
15 - 25 + 0.5 4 oct/min
25 - 35 + 2.0 1.5 oct/@ln
35 - 40 4 oct/min
40 - 50 1.0 4 oct/min
+ 0.5

Not e:
1 protoflight | evel s shown are 1.25 tines maxinum expect ed
flight levels.
2 Test axes are in spacecraft coordinate axes.
3 For simlarity to flight responses, the above |evels
shall be notched at critical frequencies (if required) to
l[imt structural loads to 1.25 x flight limt | oads.
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TES X Axis

1.200

1.000 g
Accel
g's
0.800 Y 3
0.600 J
1 10 100
Frequency
Hz

Figure 5-2 Sinusoidal Protoflight/Qualification
Test Levels (X-Axis) -

Revi sion A 5-11 August 2001



GSFC  424-28-26-02

TES Y Axis

0.600

0.500 4 4
0.400 -
1 10 100
Frequency
Hz
Figure 5-3

Si nusoi dal Protoflight/Qualification
Test Levels (Y-Axis)

Revi sion A

August 2001



GSFC 424- 28-26- 02

TES Z Axis

2.200 | T

2.oooi iiH .: | 00!-1

1.800\ ‘

1.600 ‘
Accel

g's 1.400 ‘

1.200

ﬁ)

1.000

0.800 I

0.600

N 400

1 10 TOU
Frequency
Hz

Figure 5-4 Sinusoidal Protoflight/Qualification
Test Levels (Z- Axis)

5.1.16 Tine Code Data Spare Cctets

For TES, a waiver to the GRD (Revision B) paragraph 6.5.7.2.1
Time Code Data and Format has been approved which nodifies the
format of time code data transmtted to the instrument.

Rather than receiving 16 octets of time code data fromthe
spacecraft, TES shall only receive eight octets. The trailing
ei ght spare octets have been del eted.

(Ref. CCR 424-12-26-026)
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5.1.17 Use of Test Points During Acceptance Verification

For TES, a deviation to the G RD (Revision B), para%lraph
5.6.1f, Test Point Interfaces, has been approved

paragraph 5.6.1f states, "Test points shall not be used for
acceptance or qualification verification of the instrunent
performance requirenments/ The deviation allows the use of
connectors J17 and J19 during observatory integration and test
under anbient pressure conditions to provide power to the
detector cold block heater and sanple the reference |aser
fringes, respectively, so that the instrunent can be operated.

(Ref. CCR 424-12-26-028)

5.1.18 TES I nstrunment Conducted Em ssions, Power Leads (CEQC3
Br oadband onl y)

A waiver to the G RD (Revision B) paragraph 10.11.1, Conducted
Em ssion, Power Leads, has been approved. This waiver wll
allow TES to deviate fromthe GRD requirenent to performthe
broadband portion of the STD-461 CEGB test and measurenent, in
order to sinplify and expedite the test. This waiver does not
all ow deviation fromthe CEG3 narrowband test - it shall be
perforned per the G RD requirement. The information acquired
from the CEGB narrowband test, which is conducted first, is
usual Iy consistent with the results of the broadband portion
of the CEQ3 test (if the CEGB narrowband test is conpliant,
then the broadband test will usually be conpliant. If the CEX3
narrowband test has exceedances, then the broadband test will
usual |y have exceedances). The test result reporting for the
CE®3 narrowband test shall provide sufficient data for

determ ning conpliance of the TES instrunment to the GRD
requirement, independent of the broadband test results.

(Ref. CCR 424-12-26-030)

5.1.19 TES Instrunent Conducted Em ssion, Antenna Term nal

( CE06)

A waiver to the G RD (Revision B) paragraph 10.11.2, Conduct ed
Em ssion, Antenna Term nal has been approved. This waiver wll
allow TES to omt the GRD requirenment to performthe MIL-STD-
461 CEC6 test and neasurenent, which is intended to determ ne
i f conducted em ssions from ECS Aura instrunments wth
transmtting or receiving antennas, are within the G RD
narrowband [imt of 34 dB mcro-volts and the broadband |imt
of 40 dB mcro-volts. The CECGG test is unnecessary for TES
since the instrument design does not enploy transmtting or
receiving equi pnent or an antenna system

(Ref. CCR 424-12-26-031)
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5.1.20 TES Instrunent Radi ated Broadband Em ssions,
El ectric Field (RE0D2/BB)

A waiver to the G RD (Revision B) paragraph 10.11.6.2,

Radi at ed Broadband Emi ssions, Electric Field, has been
approved. This waiver will allow TES to deviate fromthe G RD
requirenent to perform the broadband portion of the STD 461
REO2 test and neasurenment, in order to sinplify and expedite
the test. This waiver does not allow deviation fromthe REO2
narrowband test - it shall be performed per the G RD
requirement. The information acquired fromthe REO2 narrowband
test, which is conducted first, is consistent with the results
of the broadband portion of the REO2 test (if the REO2
narrowband test is conpliant, then the broadband test wll
usual ly be conpliant. If the REO2 narrowband test has
exceedances, then the broadband test w |l wusually have
exceedances). The test result reporting for the REQ02
narrowband test shall provide sufficient data for determning
conpliance of the TES instrunent to the G RD requirenent,

i ndependent of the broadband test results.

(Ref. CCR 424-12-26-033)

5.1.21 Conducted Em ssions Power Leads (CE01/CE03
Narrowband/CE03 Br oadband)

For TES, a waiver to the GRD (Revision B) paragraph
10.11.1, Conducted Em ssions Power Leads (CE01/CE03
Narrowband/CE03 Broadband), has been approved.

This waiver nodifies the limt requirenment for allowable
conducted em ssions for the TES instrunment as specified in
G RD Figure 10-8, to allow for an increase to the limts as
specified in Figure 5.1.21-1 and Figure 5.1.21-2

G ven the G RD specified source inpedance of 2.0 ohns from 20
KHz-t0- 100 KHz, and 20 ohnms from 100 KHz-to-10 MHz, the
adjusted limts for the CE01/CE03 narrowband/ CEQ3 broadband
tests would "result in a calculated ripple voltage (not

i nclusive of power |ine inmpedance) of approximately 0.63 mVvp-p
and 6.3 mvp-p respectively.

QO her instrument conponents, which share the same Secondary
Converter Electronics as the TES instrunment, could be exposed
to this noise due to coupling effects. However, all ECS Aura
instruments are tested to the G RD specified Conducted
Susceptibility CS02 limt of 3 Vp-p from 50 KHz-to-400 Mz,
whi ch woul d provide a mnimm of 123.5 dBuv of nmargin
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5.1.22 Radi ated Em ssions Electric Field (RE02), Narrowband

Em ssi ons

For TES, a waiver to the GRD (Revision B) paragraph
10.11.6.1, Radiated Em ssions Electric Field (RE02),
Narrowband Em ssions, has been approved. This waiver nodifies
the limt requirement for allowable radiated em ssions for the
TES instrunent as specified in GRD Figure 10-12, to all ow for
an increase to the limts as specified in Figure 5.1.22-1,

bel ow.

These adjusted limits would be no less than 55 dB (including
6 dB safety margin) below the G RD specified Radiated

Susceptibility RSO3 limt of 2 Vim (126 dBuV/Im, from 14 KH
to 2 GHz.

These adjusted linits do not affect the narrowband em ssions

EML sensitivity limts for the MS instrument, as specified in
G RD section 10.11.6.1, Table 10-9a.
TES Adjusted REO2 Limit

. L e L L L s L LLLLLLL
o T T T LT T e
L T A Adjusted REO2 Limit ~~+++{~ 1| | g //
85 1 ‘HEMH“) """" - [ """" l """" IJ| oo AT
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|
7 aoomrz3e) || L]
e -

FIGURE 5.1.22-I

(Ref. CCR 424- 12- 26- 036)
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5.1.23 Primary Power |solation

For TES, a waiver to the GRD (Revision B) paragraph
5.3.2.1.3, Primary Power |solation, has been approved. This
wai ver reduces the requirenment for prinmary power signal and
return | ead isolation resistance (dc) fromchassis, of greater
than 1 MQ, to an isolation resistance of greater thanor equa
to 0.8 MQ.

This nodification is applicable to TES Quiet Bus A and B. The
TES Noi sy Bus primary power isolation resistance shall renain
compliant with the G RD requirement as described in paragraph
5.3.2.1.3.

(Ref. CCR 424-12-26-037)
5.2 MAR DEVI ATI ONS/ WAI VERS

5.2.1 Reduce Soak Tinme During T/V Testing

For TES, a deviation to the MAR paragraph 3.6.1, Thermal-
Vacuum has been approved. MAR paragraph 3.6.1 states, “..the
instrunent shall be soaked for a m ninumof 16 hours at each
tenperature extrene of each cycle." The deviation allows the
instrument to be soaked for sufficient tine to conplete a
proj ect approved Conprehensive Perfornmance Test (CPT) but no
Ieﬁs tﬁfn four hours after tenperature goals have been

achi eved.

(Ref. CCR 424-12-26-029)

5.2.2 Acoustic Testing at the Instrunment Leve

A waiver to the MAR (424-11-13-02) paragraph 3.4.2.1, Design
Verification, has been approved which relieves TES from the
requi renent to conduct acoustic testing at the instrunent
level. The option to conduct acoustic testing can be
exercised by TES managenment at JPL. The risk associated with
deferring acceptance acoustics testing to the CQoservatory
Level is considered |ow by the Aura Project.

(Ref. CCR 424-12-26-032)
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APPENDI X A
ACRONYM LI ST

ECI Earth Centered Inertial
ECS Earth Qbserving System
FOV Field of View
G RD Ceneral Interface Requirenents Docunent
GSFC Goddard Space Flight Center
| AC [ nstrument Alignnment Cube
| CD Interface Control Docunent
| DD [ nstrunment Description Docunent
in | nches
JPL Jet Propul sion Laboratory
kg Ki | ograms
MAR M ssion Assurance Requirenents
Mbps Megabits per second
M.S M crowave Linb Sounder
mm MITinmeter
msec M IIisecond
N/A Not Applicable
NASA National Aeronautics and Space

Adm ni stration
TES Tropospheric Em ssion Spectroneter
uib Uni que Instrunent Interface Docunent
vdc Volt Direct Current
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